The blood pressure goals set for the treatment of hypertensive patients have been lowered in recent guidelines. To reduce blood pressure levels sufficiently, combination therapies are often needed, but there is little evidence about which combination should be chosen. The present study was carried out to compare the effects of combination therapies, including the angiotensin receptor blocker olmesartan and either a calcium channel blocker (CCB) or a thiazide diuretic, in elderly patients with hypertension. A total of 65 patients aged 65-85 years, with blood pressures of 140/90 mm Hg or higher for those taking antihypertensive medication or 160/100 mm Hg or higher for those not on medication, were randomly assigned to either the group treated with olmesartan plus a dihydropyridine CCB or the group treated with olmesartan plus a thiazide diuretic; 58 patients completed the treatment for 6 months. Systolic and diastolic blood pressures (SBP and DBP) were reduced during the treatment period in both the groups. The reductions in SBP at 1 and 6 months were significantly (Po0.05) greater in the CCB combination group than in the diuretic group (À29 vs. À18 mm Hg, respectively, at 1 month; À32 vs. À23 mm Hg, respectively, at 6 months). Despite greater reduction in SBP in the CCB group, the serum creatinine level and the estimated glomerular filtration rate (eGFR) remained unchanged, whereas in the diuretic group, creatinine was elevated (+0.06 mg per 100 ml, Po0.05) and eGFR was reduced (À4.5 ml min À1 per 1.73 m 2 ). In addition, high-density lipoprotein cholesterol levels were reduced in the diuretic group (À5.0 mg per 100 ml, Po0.01). These results suggest that olmesartan plus a CCB is the preferable combination therapy in comparison with olmesartan plus a thiazide diuretic for elderly patients with hypertension.
INTRODUCTION
The healthcare costs related to cardiovascular diseases are becoming a substantial economic burden in developed countries, including Japan, where the populations are aging. It has been shown by a number of large-scale clinical trials that blood pressure reductions resulting from the use of antihypertensive treatment lowers the incidence of cardiovascular diseases. 1,2 According to recent clinical studies, the lower the blood pressure is, the better is the prognosis of hypertensive patients, with diabetes or impaired renal function. 3, 4 In elderly patients with hypertension, the target blood pressure level has been lowered on the basis of clinical trials showing the benefits of antihypertensive treatment in this population. 1, 5, 6 To achieve these blood pressure goals, combination therapy involving different classes of drug is often necessary. For example, according to Bakris et al., 3 an average of 3.2 antihypertensive medications are administered to sufficiently control blood pressure in patients with diabetes or impaired renal function. There is a significant amount of evidence that treating hypertensive patients with renin-angiotensin system (RAS) inhibitors, calcium channel blockers (CCB) or thiazide diuretics improves their prognoses. 1, 2 In recently issued guidelines, antihypertensive treatment with an RAS inhibitor and either a CCB or a diuretic is recommended as a combination therapy. 1,2 Indeed, these drug combinations have been used in clinical studies that have demonstrated the benefits of RAS inhibitors; 7-10 however, there is little information available about which combination therapy is most effective for elderly patients with hypertension. We carried out an open-label, randomized two-arm study to compare two combination therapies, including the angiotensin receptor blocker (ARB) olmesartan and either a CCB or a thiazide diuretic in elderly Japanese patients with hypertension.
METHODS

Study subjects
We recruited elderly patients (aged 65-85 years) with essential hypertension with blood pressure levels of 140/90 mm Hg or higher for those on antihypertensive medication or 160/100 mm Hg or higher if they were not on medication between October 2007 and March 2009. Patients were considered to be eligible for this study if they had any of the following cardiovascular risk factors or diseases: impaired glucose tolerance, diabetes, dyslipidemia, proteinuria, left-ventricular hypertrophy, ischemic heart disease and stroke. The exclusion criteria were secondary or malignant hypertension, cardiovascular events within the last 6 months, heart failure of the New York Heart Association functional class III or VI, atrial fibrillation or flutter, severe arrhythmia, liver dysfunction, renal dysfunction with a serum creatinine level of 2.0 mg per 100 ml or higher and life-threatening conditions such as malignant tumors. Patients were also excluded if it was inappropriate to change their treatment to the study drugs or if they had a history of serious side-effects related to the study drugs.
Study protocols
This was an open-label, randomized, two-arm clinical study and it was carried out at 10 clinics affiliated with the University of Miyazaki Faculty of Medicine (the MOTHER study group). This study was conducted in accordance with the principles of the Declaration of Helsinki under the approval of the ethics committee of the University of Miyazaki Faculty of Medicine. All subjects gave their written informed consent before participating in this study. The data center of the Department of Medicine of the University of Miyazaki randomly assigned eligible patients to either the ARB/CCB group or the ARB/diuretic group at a 1:1 ratio using gender as a grouping factor. In addition to the ARB olmesartan, a dihydropyridine CCB, such as azelnidipine or amlodipine, or a thiazide diuretic, such as indapamide or trichlormethiazide, was used, and the initial doses of the drugs administered were determined on a case-by-case basis. If the eligible patients were taking ARBs or angiotensin-converting enzyme inhibitors, those drugs were replaced with the ARB olmesartan. There were no restrictions on the concomitant use of drugs other than antihypertensive agents. The target blood pressure during the treatment period was o140/90 mm Hg in both treatment arms, whereas further targets were set by the investigators when necessary. If the target blood pressure level was not achieved, the dose of olmesartan, the CCB or the diuretic was increased, and antihypertensive treatment was continued for 6 months.
Measurements
Blood pressure levels and pulse rates were measured at 1, 3 and 6 months after randomization, and the laboratory tests were conducted before and after the 6-month treatment. The glomerular filtration rate was estimated (eGFR) from the serum creatinine concentration using the following formula: 194Âserum creatinine À1.094 Âage À0.287 (further multiplied by 0.739 for women), according to the guidelines of the Japanese Society of Nephrology. 11 Plasma renin activity and the aldosterone concentration were measured by radioimmunoassays as previously described, and plasma brain natriuretic peptide was assessed using an immunoradiometric assay. 12, 13 
Statistical analysis
All data were analyzed with SPSS software version 18.0 (SPSS, Chicago, IL, USA). Comparisons between the two groups were assessed using the unpaired t-test or the w 2 -test, and comparisons between values before and after treatment were made using the paired t-test. Analysis of variance followed by Scheffe's test was used for multiple comparisons. All data are expressed as means ± s.d. unless otherwise indicated, and P-values less than 0.05 were considered to be significant.
RESULTS
The 65 hypertensive patients, who were eligible for this study, were randomly assigned to combination therapy, including olmesartan and either a CCB (n¼33) or a thiazide diuretic (n¼32). The antihypertensive medicines prescribed before this study (n) were ARBs (30), angiotensin-converting enzyme inhibitors (1), CCBs (19), diuretic (1) and b-adrenergic blockers (3). Adverse events were reported for three and five patients of the CCB and diuretic combination groups, respectively. These events were sepsis, gout attack and cervical spondylosis in the CCB group, and inappropriate reduction or elevation of blood pressure, new onset of diabetes, bone fracture and positioning vertigo in the diuretic group. Among the patients experiencing adverse effects, three patients with sepsis and inappropriate reduction or elevation of blood pressure dropped out, but the remaining five completed the treatment protocol. Three patients stopped visiting the doctors' offices because of transferring residences and one patient stopped visiting because of personal reasons. Therefore, 58 patients completed the treatment protocol, and their basal profiles are listed in Table 1 ; these profiles indicate that no significant differences between the CCB and diuretic combination groups were noted with respect to any of the parameters, including systolic and diastolic blood pressures (SBP and DBP). At the end of the treatment period, no difference was found with respect to the dose of olmesartan used between the two groups: CCB: 22.1 ± 7.7 mg per day; and diuretic: 21.2 ± 8.6 mg per day. The mean doses (mg per day) of CCB and diuretics used were as follows (n): azelnidipine: 13.3 ± 3.9 (15); amlodipine: 3.5 ± 1.3 (13); benidipine: 4 (1); trichlormethiazide: 1.47 ± 0.51 (17) ; and indapamide: 0.96±0.40 (12) . Figure 1 shows the time course of blood pressure and pulse, and the reductions in blood pressure at 1, 3 and 6 months during the treatment period. Both SBP and DBP were significantly reduced at 1 month, and blood pressure-lowering effects were seen throughout the study period; no significant changes were noted for the pulse rate (Figure 1a ). There were no differences in SBP or DBP between the CCB and diuretic combination groups, but as shown in Figure 1b , the SBP reduction (DSBP) relative to the control level observed in the CCB group was significantly greater than that in the diuretic group after 1 and 6 months of treatment.
We compared the clinical and humoral parameters of the patients before and after treatment for 6 months ( Table 2 ). The total cholesterol levels were reduced in both groups, whereas the high-density lipoprotein cholesterol level was lowered by treatment with combination therapy, including a diuretic but not including a CCB. Neither the serum potassium nor the uric acid level changed in either group, but the serum creatinine level increased and eGFR decreased following combination treatment with a diuretic. The urinary albumin/ creatinine ratios were substantially reduced in both groups; this reduction was statistically significant in the diuretic group but not in the CCB group. We found no significant difference in the Durinary albumin/creatinine ratio between the two groups (39.7 ± 40.2 vs. 10 Meanwhile, many large-scale trials have been conducted to examine the effects of ARB or angiotensin-converting enzyme inhibitors in which a substantial number of patients were given diuretics as part of a combination treatment. [7] [8] [9] Theoretically, the combination of an RAS inhibitor and a diuretic effectively lowers blood pressure because the former suppresses the activation of the RAS caused by the fluid volume reduction induced by the latter. For example, in the PROGRESS trial, the combination of perindopril and indapamide effectively reduced the recurrence of stroke, but monotherapy with perindopril did not. 7 The antihypertensive effects of combination therapies, including diuretics are expected to be stronger in hypertensive patients in Japan, where the average salt intake is higher than in Western countries. 14 However, in the present study, the standard clinical doses of the CCB and diuretics were used, and the combination therapy, including a CCB was found to be better than that including a diuretic in terms of blood pressure reduction. RAS inhibitors have been shown to improve insulin resistance, whereas diuretics are known to have unfavorable effects on the glucose and lipid metabolism. 1, 2, 15 In the present study, the total cholesterol levels were reduced in both combination groups, but this result was Comparison of ARB/CCB and ARB/diuretic in elderly J Kato et al attributed to the new prescription of statins because the differences disappeared in the analysis with patients to whom no statins were given or whose prescription remained unchanged during the study period (data not shown). Meanwhile, irrespective of the prescription of statins, the high-density lipoprotein cholesterol level was found to be reduced by treatment with combination therapy that included a diuretic, but not in therapy that included a CCB. The J-LIT study, a large-scale cohort study of Japanese patients with hypercholesterolemia, showed a clear inverse relationship between high-density lipoprotein cholesterol levels and the risks of coronary events or cerebrovascular diseases. 16, 17 Therefore, it is assumed that a diureticinduced reduction in high-density lipoprotein cholesterol impairs the beneficial effects of diuretics, which are exerted through lowering the blood pressure, in Japanese patients with hypertension, but this important issue needs to be addressed by future clinical studies. Antihypertensive treatment with diuretics is often associated with an increase in the serum creatinine level or a decrease in glomerular filtration rate, probably because the reduced fluid volume results in reduced renal blood flow. 18 Similar patterns were detected in the present study, although we were unable to specify the mechanism of these changes, and the increase in the creatinine level and the decrease in glomerular filtration rate occurred despite the smaller reduction in blood pressure in the diuretic group. We need to compare the present results with those of the GUARD and ACCOMPLISH trials. [19] [20] [21] Angiotensin-converting enzyme inhibitors were used in both of these studies, but the present findings are consistent with those of the GUARD study in which the treatment of hypertensive patients with type 2 diabetes was followed for 1 year. This study demonstrated that the reduction in the eGFRs of patients given benazepril plus hydrochlorothiazide (HCTZ) was greater than that observed in patients treated with benazepril plus amlodipine. 19 In the GUARD study, urinary albumin secretion was reduced to a larger degree in the HCTZ combination group than in the amlodipine group, 19 whereas in the present study, we observed decreased urinary albumin in both the groups without a difference in the Durinary albumin. According to the recently published ACCOMPLISH trial results, which examined renal outcomes, doubling of the serum creatinine level and end-stage renal disease were more frequent in hypertensive patients treated with benazepril plus HCTZ than in those treated with benazepril plus amlodipine. 21 We may, therefore need to raise the possibility that the effects of thiazide diuretics on renal function that were observed in the present study and in the GUARD trial can partly be translated into the hard end point of the progression of chronic kidney disease, including end-stage renal disease.
As discussed above, diuretics are expected to be beneficial for treating hypertensive patients in Japan. Recently, we reported the results of a single-arm clinical study examining the effects of a fixeddose combination of 50 mg losartan and 12.5 mg HCTZ in Japanese hypertensive patients, for whom RAS inhibitors had not sufficiently lowered the blood pressure to achieve the goals recommended in the JSH guidelines. 1, 5, 22 In that study, the combination of losartan and HCTZ was found to be effective for reducing blood pressure, and the blood pressure goals were achieved in a substantial number of patients. 22 According to the CASE-J study, renal events are less common in patients treated with candesartan than in those treated with amlodipine, and a large number of the patients were given diuretics in that study. 23 Thus, the long-term outcome of renal function following combination treatment, including an ARB and either a CCB or a thiazide diuretic, needs to be evaluated by further clinical trials, such as the COLM study, which examine the hard end points of renal events. 24 In conclusion, antihypertensive treatment with olmesartan plus a dihydropyridine CCB was found to be a more favorable combination in terms of blood pressure reduction and its effects on renal function and lipid metabolism than a combination of olmesartan plus a thiazide diuretic in elderly patients with hypertension.
